Background: The present study examined the correlations between obesity, sarcopenia, and osteoarthritis in Korea' s elderly population. Methods: A cross-sectional analysis of 1,865 and 1,769 respondents with knee osteoarthritis and lumbar spondylosis, respectively, was performed by using data from the 2010 and 2011 Korea National Health and Nutrition Examination Survey. Obesity was defined as a body mass index of ≥25 kg/m 2 ; osteoarthritis, as a Kellgren/Lawrence grade of ≥2; and sarcopenia, as an appendicular skeletal muscle mass (ASM; ASM/weight ×100) on dualenergy X-ray absorptiometry of two standard deviations below the mean reference value. Results: The unadjusted and age-adjusted risks of knee osteoarthritis were as follows: 1.88 and 1.92 times greater, respectively, for male subjects with sarcopenic obesity; 6.03 and 7.64 times greater, respectively, for female subjects with non-sarcopenic obesity; and 1.97 and 2.43 times greater, respectively, for female subjects with sarcopenic obesity. The age-and-waist circumference-adjusted risks were 5.88 and 1.80 times greater for the female subjects with non-sarcopenic and sarcopenic obesities, respectively. No statistically significant finding was obtained for lumbar spondylosis. Conclusion: Obesity and sarcopenia were associated with knee osteoarthritis in the elderly subjects. The risk of knee osteoarthritis was greater in the male subjects with sarcopenic obesity than in the male subjects with nonsarcopenic obesity. In the female subjects, the risk of knee osteoarthritis was high in both obesity groups. Further research to explain the sex-related difference in knee osteoarthritis risk based on body composition will be beneficial.
INTRODUCTION
Obesity is reported to be a major risk factor of functional and physical impairments in the elderly. 1 In addition, decreased resting metabolic rate accompanying aging is known as a key driver of gradual skeletal muscle mass loss and fat gain. 2 Sarcopenia is a progressive muscle mass loss associated with aging. In particular, decreased skeletal muscle mass is a prominent change that accompanies aging. 3 In addition to reduced muscle mass, sarcopenia is characterized by decreased muscle strength and increased fat mass 4 , which can lead to impaired mobility, increased risk of falling, impaired daily function, decreased independence, and shortened life expectancy. 5 Sarcopenic obesity is sarcopenia accompanied with obesity in the elderly population. Sarcopenic obesity can increase the risk of functional impairment, reduce quality of life, and increase morbidity in the elderly owing to the interaction of the two underlying conditions. 6 The prevalence of sarcopenia obesity increases among the aged. Sarcopenia obesity increases cardiovascular disorders and insulin resistance, and is highly associated with metabolic syndromes. 7, 8 Osteoarthritis (OA) is a condition that commonly affects the elderly. 9 Although the pathophysiology of OA has not been clearly identified, the association between knee OA and obesity has been clearly identified well. 10, 11 In addition, weight-bearing joints such as the knee joints are reported to be at a greater risk of OA due to the biomechanical effects of surplus weight. 12 Lumbar spine OA (lumbar spondylosis [LS] ) is also known to have various causes. As it is observed in the synovial joint, excess loads on joints is associated with degenerative changes, and osteophytosis and intervertebral disks. 13, 14 The Korean society is rapidly aging. In 2010, Koreans aged ≥ 65 years made up 11.0% of the national population, and the figure is projected to increase to 24.3% by 2030 and to 37.4% by 2050. 15 On the other hand, obesity has also been on a continual increase due to reduction of physical activity caused by Koreans' westernized dietary habits and advances in transportation. 16 Aging-associated diseases are expected to put a huge socioeconomic burden on the Korean society, a fact that demands effective disease prevention and management strategies.
Of various aging-associated diseases, obesity, sarcopenia, and OA have been recognized as important health issues concerning the elderly population, as the conditions greatly impact the elderly's activities of daily life (ADL) and quality of life (QOL). 1, 5, 17 The present study analyzed data from the Korea National Health and Nutrition Examination Survey (KNHANES) to examine the associations between obesity, sarcopenia, and osteoarthritis in the elderly population ( ≥ 65 years). It was aimed at providing elementary data required for developing effective disease prevention and management programs for the elderly population in Korea.
METHODS

Study subjects
The present study used the first-and second-year women selected for the final subject pool.
On the other hand, 778 men and 1,004 women underwent a lumbar radiography, of whom 6 men and 5 women were excluded because of chronic renal failure. Thus, 772 men and 999 women were finally selected for the LS analysis. Subsequently, 2 additional men were excluded because of incomplete or missing data, which resulted in 770 men and 999 women selected for the study analysis.
The exclusion of men and women with chronic renal failure was based on a previous report that the condition is associated with sarcopenia.
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Study methods
Plain radiography was used for the assessment of knee OA (plain radiographs, SD3000 Synchro Stand, Accele Ray). The subjects were asked to stand with their bodyweights evenly distributed between two feet for anteroposterior imaging of the patella. The subjects were then asked to rotate at a 90° from the original standing position with the knee bent at about 30° for lateral measurement.
For the lumbar measurement, the subjects were positioned to maintain lordosis posture, and then anteroposterior and lateral views of L3 throughL4 were obtained.
For measurement of total fat mass and skeletal muscle mass, DXA was performed (Hologic, Inc., Bedford, MA, USA). For measurement of appendicular skeletal muscle mass (ASM), the Heymsfield method 19 was used, which is the sum of fat-free soft tissue masses in the limbs. below the average of the young sex-matched reference group.
Definitions and subject classifications
22,23
Sarcopenic obesity was determined if a subject had both sarcopenia and obesity. The severity of radiographic knee osteoarthritis was assessed with the Kellgren/Lawrence grading system as fol- Owing to the absence of an international consensus on the diagnostic criteria for LS, published raw data were used and diagnostic criteria were developed based on Kellgren and Lawrence' s criteria. 24 For the assessment, grade levels of 0-2 were established based on those developed by Yoshimura et al. 25 LS was diagnosed in the presence of at least one lumbar assessed as a KL grade of ≥ 2.
The subjects were divided into male and female groups, which were subsequently divided into four body composition groups according to the subjects' sarcopenia and obesity statuses, and sarcopenic obesity (SO) status as follows: normal body composition (NO), sarcopenic non-obesity (SP), non-SO (OB), and SO.
Statistical analysis
One-way analysis of variance was used to process the subjects' demographic data. For post hoc analysis, the Bonferroni method was used, and continuous variables were presented as mean ± SD.
To examine the correlations among obesity, sarcopenia, and OA, Based on a previous study that found that age-and-waist circumference-based abdominal obesity was pathophysiologically and statistically associated with sarcopenia obesity 26 , age and waist circumference were used as covariates to control the effects on the relationships among obesity, sarcopenia, and OA. 
RESULTS
Characteristics of the subjects according to 4 body compositions
In general, the obesity groups showed a significantly greater body weight, waist circumference, BMI, and total body fat. On the other hand, the sarcopenia groups showed a significantly greater total body fat and significantly lower ASM and ASM index (Tables 1 and 2 ).
Correlation between knee OA and body compositions
Among the male subjects aged ≥ 65 years, the SO group had an unadjusted odds ratio (OR) of 1.88 (95% CI, 1.22-2.89) and an age-adjusted OR of 1.92 (95% CI, 1.23-2.99), indicating a significant increase. However, when adjusted for both age and waist circumference, no significant difference was found (Table 3) .
Among the female subjects aged ≥ 65 years, the OB group had an unadjusted OR (95% CI) of 6. (Table 3) . Crude and odds ratios (ORs), and 95% confidence intervals (95% CI) were calculated by using the complex-sample logistic regression analysis. Model 1 was adjusted for age. Model 2 was adjusted for age and waist circumference. NO, normal body composition; SP, sarcopenic non-obesity; OB, non-sarcopenic obesity; SO, sarcopenic obesity. Crude and each odds ratios (ORs), and 95% confidence intervals (95% CI) calculated by using the complex-sample logistic regression analysis. Model 1 was adjusted for age. Model 2 was adjusted for age and waist circumference. NO, normal body composition; SP, sarcopenic non-obesity; OB, non-sarcopenic obesity; SO, sarcopenic obesity.
Correlations between LS and body compositions
No significant OR was found for body composition and LS among those aged ≥ 65 years in both sexes (Table 4) .
DISCUSSION
The present study examined the correlations among obesity, sarcopenia, and OA (knee OA, lumbar OA). The results indicated that in the male SO group aged ≥ 65 years, the risk of knee OA increased significantly both before and after adjusting for age. However, no significant difference was found when no adjustment was made for both age and waist circumference. In other words, waist circumference is a significant influencing factor of knee OA in elderly men.
In the female subjects aged ≥ 65 years, SO was found to significantly increase the risk of knee OA. In contrast to their male counterparts, the female subjects with SO had an increased risk of knee OA even after adjusting for both age and waist circumference. It is interesting that the female OB group had a significantly increased http://www.jomes.org | 41 risk of knee OA both before and after adjusting for age, which suggests that obesity itself is highly correlated with knee OA in the elderly female group.
A previous Korean study 26 examined the association between SO and knee OA in individuals aged ≥ 50 years without discriminating for sex and found that the risk of knee OA increased in both the OB and SO groups when adjusted for age, sex, and waist circumference.
However, the present study included sex-discriminated subjects aged ≥ 65 years, and the risk of knee OA increased significantly in the female SO group only, when both age and waist circumference were unadjusted for. In addition, only the OB group of female subjects was found to have a significantly increased risk of knee OA.
It is noteworthy that the female OB group in the present study had a greater OR than the women aged ≥ 65 years in the SO group.
This may be attributed to the difference in obesity diagnosis criteria between the two studies, which was a BMI of 27.5 kg/m 2 in the ref-
erence study and BMI of 25 kg/m 2 in the present study. 20, 26, 27 In other words, owing to the increased prevalence of SO due to aging 22 , the OB prevalence decreased and the SO prevalence increased in the female subjects aged ≥ 65 years. Therefore, the increased OR does not have significant implications.
The present study did not find a significant correlation between LS and the presence of either obesity or sarcopenia. Considering a previous research that found a positive correlation between obesity and age-associated LS 25, 28, 29 , attempting to identify the correlation using ASM as the only criterion for sarcopenia proved hugely limiting. According to a previous study 30 , aging-related changes in body composition vary according to body parts. Based on this finding, incorporating additional indexes that reflect muscle masses surrounding the spine and torso, in addition to the ASM, will help clarify the association with LS.
Recently, the European Working Group on Sarcopenia in Older
People suggested an updated definition of sarcopenia and established reduced muscle strength (i.e., muscle strength or performance and functioning) as important diagnostic criteria for the condition, in addition to reduced muscle mass. 31 Moreover, based on a previous study that found no significant relationship between aging-associated reduction in muscle mass and strength, assessment of muscle quality, in addition to muscle mass, appears to be important in diagnosing sarcopenia. Future studies that incorporate these criteria will clarify the relationship between sarcopenia and OA.
Previous reports indicated that in addition to aging, various other factors such as physical activity, energy, and hormone can affect reduction in skeletal muscle mass and strength. 32, 33 Various adipokines, including leptin, adiponectin, resistin, and visfatin, have been reported to be secreted from fat tissues because of obesity, causing fat cells to infiltrate and inflame the muscles, which results in decreased muscle mass 34 and articular cartilage catabolism. 35 Based on this finding, approaching the subject from an endocrinal standpoint appears to be beneficial.
The present study has several limitations. First, skeletal muscle mass was measured with DXA, and the measured values tend to overestimate the total skeletal muscle mass. 36 As such, for a more accurate assessment of sarcopenia in the future, computed tomography or magnetic resonance imaging are required. 37 In future studies, in addition to plain radiography, clinical examinations, including physical examination and patient interview for medical history taking to collect information pertaining to knee pain, severity of pain, knee stiffness, and so on in the future studies are needed. Second, because of the nature of this cross-sectional study, identifying a causal relationship or predicting trends over time was difficult.
Therefore, a prospective study consisting of a larger number of subjects will be beneficial. Third, because the present study only included data from the KNHANES for assessment of body compositions, the potential for selection bias exists. Finally, sex-and race-related differences in age-related physical composition changes have been reported. 30 As the present study was limited to examining Koreans aged ≥ 65 years, a follow-up study is needed to improve its external validity by comparing the results with those derived from other races.
In conclusion, although no association was found between LS and the presence of obesity or sarcopenia, the conditions were found to correlate with knee OA, which varied according to sex. In the male subjects, the SO group was 1.92 times more likely to develop knee OA than the reference group when age was unadjusted for. In the female subjects, the OB and SO groups were 5.88 and 1.80 times more likely to develop knee OA than the reference group when both age and waist circumference were unadjusted for.
This sex-related difference suggests that in addition to the mechanical effects 12 of obesity and bodyweight on the risk of knee OA, sex-related difference in body composition may also have an effect.
Aging-related changes in physical composition, which vary according to sex, occur independent from changes in bodyweight. 30, 38 In addition, the obesity index, BMI (kg/m 2 ), does not reflect body fat composition. Even at the same BMI, fat mass greater than skeletal muscle mass poses a greater risk of knee OA than obesity measured based on BMI because fat tissues are endocrinal organs that affect the pathophysiology of knee OA; thus, the endocrinal effect will be more significant. 34, 35, 39 Abdominal fat, which accounts for a significant portion of total body fat, is closely related to waist circumference. 40 Therefore, the sex-related difference in knee OA is thought to b e attributable to the sex-related differences in body composition and waist circumference, with the latter accounting for a significant portion of the total body fat. However, the underlying mechanism of these differences has not been clarified yet. Therefore, to elucidate the mechanism of the sex-related differences in knee OA and body compositions, an integrated approach is needed through studies that examine the interplay between potential influencing factors.
Finally, obesity and sarcopenia assessment methods that are better suited for use in Korea, clearer diagnostic criteria, and early screening will be beneficial. On this note, preventive and treatment methods that incorporate exercise and diet are needed.
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